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Image analysis reveals differences in tumor multinucleations in 
Black and White patients with human papillomavirus- associated 

oropharyngeal squamous cell carcinoma
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Justin A. Bishop, MD11; Mitra Mehrad, MD12; Patricia D. Castro, PhD3; Andrew G. Sikora, MD, PhD3; Lester D.R. Thompson, MD13; 
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David J. Adelstein, MD6; Shlomo A. Koyfman, MD6; James S. Lewis Jr, MD12; and Anant Madabhushi, PhD1,2,15

BACKGROUND: Understanding biological differences between different racial groups of human papillomavirus (HPV)- associated oro-

pharyngeal squamous cell carcinoma (OPSCC) patients, who have differences in terms of incidence, survival, and tumor morphology, 

can facilitate accurate prognostic biomarkers, which can help develop personalized treatment strategies. METHODS: This study evalu-

ated whether there were morphologic differences between HPV- associated tumors from Black and White patients in terms of multinu-

cleation index (MuNI), an image analysis- derived metric that measures density of multinucleated tumor cells within epithelial regions on 

hematoxylin– eosin images and previously has been prognostic in HPV- associated OPSCC patients. In this study, the authors specifically 

evaluated whether the same MuNI cutoff that was prognostic of overall survival (OS) and disease- free survival in their previous study, 

TTR, is valid for Black and White patients, separately. We also evaluated population- specific cutoffs, TB for Blacks and TW for Whites, for 

risk stratification. RESULTS: MuNI was statistically significantly different between Black (mean, 3.88e– 4; median, 3.67e– 04) and White 

patients (mean, 3.36e– 04; median, 2.99e– 04), with p =  .0078. Using TTR, MuNI was prognostic of OS in the entire population with haz-

ard ratio (HR) of 1.71 (p = .002; 95% confidence interval [CI], 1.21– 2.43) and in White patients with HR of 1.72 (p = .005; 95% CI, 1.18– 2.51). 

Population- specific cutoff, TW, yielded improved HR of 1.77 (p = .003; 95% CI, 1.21– 2.58) for White patients, whereas TB did not improve 

risk- stratification in Black patients with HR of 0.6 (p = .3; HR, 0.6; 95% CI, 0.2– 1.80). CONCLUSIONS: Histological difference between White 

and Black patient tumors in terms of multinucleated tumor cells suggests the need for considering population- specific prognostic bio-

markers for personalized risk stratification strategies for HPV- associated OPSCC patients. Cancer 2022;0:1-12. © 2022 The Authors. Cancer 

published by Wiley Periodicals LLC on behalf of American Cancer Society. This is an open access article under the terms of the Creative 

Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any medium, provided the original work 

is properly cited and is not used for commercial purposes. 
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INTRODUCTION
The rising incidence of oropharyngeal squamous cell carcinoma (OPSCC) in the United States has been attributed to 
human papillomavirus (HPV) infection, with approximately 70% of OPSCCs being HPV- associated.1,2 The American 
Joint Committee on Cancer (AJCC) tumor- node- metastasis (TNM) staging system remains the standard for clinicians to 
determine prognosis and to facilitate choice of treatment. It has evolved extensively over the past 50 years and now, with 
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the eighth edition, there are separate TNM staging sys-
tems for HPV- associated and HPV- independent OPSCC 
patients.3,4 HPV- associated OPSCC patients consistently 
show overexpression of p16 by immunohistochemistry 
with this surrogate marker becoming the recommended 
test for all new patients with this cancer type.5 p16 im-
munohistochemistry is widely used as a surrogate marker 
for transcriptionally active HPV for many reasons, in-
cluding the challenge of performing HPV- specific testing 
in large numbers across multiple institutions. p16 is very 
sensitive for high- risk HPV and has moderate specificity 
with a small subset of patients who have p16- positive, but 
HPV- negative, tumors.6 Along with p16 status, the latest 
AJCC staging system uses tumor, nodes, and metastases 
based on the clinical and pathological examination to risk 
stratify patients. Some classic tumor parameters, such as 
tumor grade and lymphocytic response, are not prognostic 
by visual (human) review and have failed to serve as ef-
fective prognosticators despite years of attempted applica-
tion.7,8 One reason for such failures could be the inability 
of capturing tissue morphology and architecture within the 
tumor microenvironment (TME), which carries rich prog-
nostic information across myriad different cancer types.9 
Thus, there is a need for accurate, quantitative, prognostic 
histologic biomarkers to improve patient prognostication 
and stratification for various treatments.

In several recent studies, population- specific differ-
ences have been examined in terms of several aspects, such 
as incidence, survival, and tumor morphology in various 
carcinomas (e.g., head and neck,10– 13 prostate,14 breast,15,16 
and lung17 among others). Among head and neck squa-
mous cell carcinoma (HNSCC) patients, White patients 
greatly outnumber Black patients.3,4,18 Studies have 
shown that a greater percent of White patients have HPV- 
associated OPSCC and better overall survival (OS) as com-
pared to Black patients.19– 22 Among the multiple reasons, 
one reason might be that the cells in the HPV- associated 
tumors had higher CpG methylation, known to turn off 
gene expression and associated with cancer progression, 
leading to better response to chemoradiation.23– 27 Data 
from the Surveillance, Epidemiology, and End Results pro-
gram shows that survival rates for OPSCC are much lower 
in Black patients. Five- year survival for Black patients was 
found to be 39.5% as compared 59% among Whites.28 
Although the Black population tended to present with ad-
vanced tumor stage and to have poorer socioeconomic sta-
tus, O’Neill et al.11 found that, on average, Black patients 
have significantly shorter OS than White patients, even 
when these two groups have similar access to medical care. 
Although these studies have examined population- specific 

differences in survival and tumor biology of patients with 
OPSCC,28– 31 whether these findings translate to specifi-
cally HPV- associated OPSCC is still unknown.32,33

Other differences have been found in Black and 
White HNSCC patients with regard to tumor lympho-
cytic infiltration and mutational profiles. In a study in-
volving HNSCC patients, inverse correlation was found 
between lymphocyte infiltration in hematoxylin– eosin (H 
& E)- stained tumor tissue sections, local recurrence, and 
survival; tumor lymphocytic response was also considered 
an independent predictor of race.29 White patients were 
six to seven times less likely to have a host lymphocytic 
response in comparison to Black patients.29 The study also 
revealed that the same groups, Black and White patients, 
have different tumor mutational profiles, suggesting that 
differences in survival are inherent to the tumors them-
selves. For this reason, one expects there to be morphologic 
differences in TME.34

For HPV- associated OPSCC, studies have focused 
mainly on single-  or multigene prognostic signatures to 
be used as biomarkers.13 Decrease in STAT3 expression 
and increase in AP1 and nuclear factor– κB have shown to 
be prognostic for HPV- associated OPSCC,13 and analy-
sis of similar expression profiles have led to identification 
of various gene signatures like two- gene signature35 and 
six- gene signature36 among others. However, until now, 
none of these signatures have been validated as a practical 
predictor of OS in multiple cohorts, a critical prerequisite 
step toward translating the signature into a clinical test.13 
Morphometry and architecture of the tissues within TME 
mirror tumor characteristics and these may be used as po-
tential biomarkers for prediction and prognosis.13 Lewis 
et al. previously visually identified tumor cell multinucle-
ation (MN), defined as tumor cells having three or more 
nuclei in the TME, and found an association with poor 
survival in HPV- associated OPSCC patients.32 However, 
the recognition and quantification of these morphologic 
features is time- intensive and requires human interpreta-
tion, leading to interobserver variability and bias.32

Previously, we presented a computational pathology- 
based metric called the multinucleation index (MuNI) to 
quantify MN density in epithelial (EP) regions. MuNI was 
validated as being prognostic of OS for 1094 HPV- associated 
OPSCC patients.37 In the present study, we have extended 
this approach to explore survival outcomes in 744 HPV- 
associated OPSCC patients across different racial categories 
(Black vs. White) collected from five independent institu-
tions. MuNI was used to find differences in Black and White 
populations for the entire study set, as well as for the individ-
ual staging groups, as defined by AJCC’s 8th edition.
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MATERIALS AND METHODS

Patient selection
A total of 1047 OPSCC patients from five independent in-
stitutions were identified retrospectively within the period 
2009– 2020 for the study. If the patient was treated with 
primary surgery, this slide was from the resection specimen 
or, if treated with primary (chemo)radiation, then the best 
representative biopsy slides were selected. OPSCC diagno-
ses were confirmed by collaborating study pathologists at 
each of the respective institutions. HPV positivity is deter-
mined by p16 immunohistochemistry, a surrogate marker 
of high- risk HPV, according to the AJCC guideline. All 
cases immunoreactive for p16 were read using a ≥ 70% 
nuclear and cytoplasmic block- like reaction cutoff as rec-
ommended by the College of American Pathologists guide-
lines and confirmed to be positive by local review.38

Data set preparation
Patients self- identified as a certain race as recorded in elec-
tronic medical records. The patients who self- identified as 
neither Black nor White were excluded from this study. We 
removed patients with missing follow- up data or insufficient 
whole slide image (WSI) quality. Quality was determined 
by HistoQC,39 a quality control tool automatically detect-
ing defects on pathology images such as image blurriness, air 
bubbles, and tissue artifacts. After reviewing the inclusion/
exclusion criteria, 744 of the patients were retained for the 
subsequent feature analysis from Washington University 
in St. Louis (D1, Black = 3, White = 103), John Hopkins 
University (D2, Black = 6, White = 114), Cleveland Clinic 
(D3, Black = 19, White = 299), UH Seidman Cancer Center 
(D4, Black  =  16, White  =  17), and Southern California 
Permanente Medical Group (D5, Black = 10, White = 157). 
Each patient had a representative H & E slide chosen by the 
pathologist from the respective institution from the primary 
oropharyngeal tumor. The representative slides were defined 
as the one that contained the largest amount of tumor regions. 
H & E WSIs were acquired at ×40 resolution (0.25 μm/pixel 
resolution) using a Ventana iScan HT slide scanner. D5 was 
selected as the training set, and DTR was selected to main-
tain consistency with the original study.37 In this manner, 
we sought to avoid introducing any potential data leakage 
during validation. DTR was used for cutoff definition and 
the combination of the remaining four data sets, D1– 4, com-
prised the validation set, DVA. The Black and White patients 
in DVA comprised the sets, DB and DW, respectively.

Study design
Density of tumor MN events in EP regions (MuNI) was used 
to compare tumor morphology. MuNI was calculated from 

H & E WSIs by using two different deep learning models; 
MMN and MEP. Association of MuNI with survival outcome 
was measured by comparing OS of high MuNI and low MuNI 
groups. MuNI stratification was performed based on a cutoff, 
TTR, calculating the average MuNI value in DTR. Using TTR, 
association of MuNI with OS was also explored within DB 
and DW, separately. Additionally, we optimized and evaluated 
cutoffs for DB and DW separately, denoted as TB and TW, 
and they were calculated as the average MuNI values of their 
respective racial categories in DTR. Additionally, MuNI of DB 
and DW were compared within the various AJCC 8th edition 
individual stage groups. Model development and cutoff defi-
nition were performed on DTR, whereas DVA, DB, and DW 
were used for validation.

MuNI calculation
The overall schema for inferring tumor MN events is 
shown in Figure 1. Two deep learning models were used 
for MuNI calculation: (1) segmentation of epithelial re-
gions, and (2) simultaneous segmentation of tumor MN 
events and other nuclei. After the models were built, the 
initial step of MuNI calculation is the extraction of tiles 
with a size of 2048 × 2048 pixels from tissue regions. The 
tiles were analyzed with the models to generate their corre-
sponding masks. The total number of multinucleated and 
total epithelial cells was then counted across the tiles to 
calculate MuNI for each WSI.

Piroml vtersMs tep iWteB Mm stegrtegli oin

An in– house- developed deep learning model was employed 
for epithelium versus stroma segregator.37 The model was 
built using tiles with a size of 512 × 512 pixels at 10× 
magnification. They were extracted from six WSIs from 
a publicly available breast cancer data set.40 An enhanced 
deep learning model, MEP, based on conditional generative 
adversarial network were trained ab initio. Output of MEP 
was a binary map with the same size as the input images, 
where white and black pixels represented epithelium and 
other regions, respectively.

u tevteini ndteiteai oin

Our main collaborating pathologist (JSL) annotated 
1002 tumor MN events in 12 WSIs of the training set 
by locating dots in their centers. The cell boundaries 
were then identified by using a pretrained nucleus seg-
mentation model.41 Once the boundaries were obtained, 
the nuclear segmentation model was fine- tuned with the 
annotated tumor multinucleated cells, obtaining MMN, 
the MN cell segmentation model. To train the model, 
256 × 256 images at 40× magnification were fed into the 
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network. Output of MMN is a colored image where mult-
inucleated cells, other segmented cells and background 
regions, were illustrated via three different colors.

MuNI ndtef in i oin

For calculating MuNI, only the MNs inside epithelial 
regions were considered, hence the MN figures detected 

outside epithelium were removed by making use of MEP. 
MuNI was calculated as the ratio of the number of MN 
to the total number of EP cells in the following 
equation,37

MuNI =

∑n

i=1
mi

∑n

i=1
ei

,

Figure 1. Overall schema of the multinucleation index (MuNI) calculation for a whole slide image (WSI). Epithelial regions and 
multinucleation (MN) events in every tile were detected using MEP and MMN. After that, the total numbers of epithelial (EP) and MN 
cells were counted, depicted as mi and ei, respectively, and their ratio was defined as MuNI for the WSI. The last column illustrates MuNI 
of every tile overlaid as a heatmap on the image. The second row depicts the overall schema of the MN detection from an example 
image tile. (2) Epithelial regions in the tile were segmented by MEP, shown by green boundaries. (3) MN cells were detected by MMN. 
Two example MNs automatically detected by MMN are zoomed in for better visualization. The MNs and epithelial cells are shown in 
blue and green colors, respectively. The last column of the second row illustrates high- power fields of four images with multinucleated 
tumor cells, illustrated by green arrows.
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where n is the number of tiles extracted from the WSI and 
mi and ei are the number of detected MNs and epithelial 
cells in tile i, by making use of MMN and MEP, respectively. 
To dichotomize the patients into low-  and high- risk cat-
egories, their MuNIs were thresholded by a cutoff that was 
determined as the average MuNI values in the training set.

Statistical analysis
Similarity of clinical and pathologic variables between dif-
ferent institutional cohorts was examined using analysis 
of variance test for continuous measures and χ2 test for 
categorical factors (Table  1). MuNIs of the two popula-
tions, DW and DB, were compared using Mann– Whitney 
U test. Additionally, a slightly different approach for com-
paring the two groups was adopted to alleviate the effect 
of unbalanced sample sizes: MuNI of DB (i.e., 44 patients) 
was assessed, whereas for DCA, 50 patients were randomly 
selected. This step was repeated 200 times, and the histo-
gram of the associated p values was reported. Three cutoffs 
used for risk stratification, namely TTR, TB, and TW, were 
calculated as average MuNI in DTR, average MuNI among 
Whites in DTR, and average MuNI among Blacks in DTR, 
respectively. Kaplan– Meier (KM) with log- rank test was 
performed to compare the survival outcomes among dif-
ferent risk groups. Multivariable Cox proportional hazards 
model was used to evaluate the independent prognostic 
ability of MuNI for OS after accounting for age, sex, smok-
ing status, and T stage/N stage categories. OS was defined 
as the time interval between the date of diagnosis and the 
date of death and was censored at the date of last follow- up 
for still those alive. Disease- free survival (DFS) is defined 
as the time from diagnosis to recurrence of tumor or death.

RESULTS

Patient demographics
The median follow- up duration for the patients was 
56.0 months (4.6 years). The median age was 58.2 years. 
A total of 7% of the patients were Black and 93% were 
White. Patient demographics for all five cohorts are pro-
vided in Table  1. There were statistically significant dif-
ferences in clinical and pathological features among the 
patients treated at the five different enrollment locations 
(Table 1).

Association of MuNI and racial categories with 
survival outcomes
For DVA, KM survival analysis demonstrated that pa-
tients with high- risk scores defined by MuNI had poorer 
OS (p =  .002, hazard ratio [HR], 1.71; 95% CI, 1.21– 
2.43) compared to those with lower risk scores (Fig. 2A). 

Multivariable Cox proportional hazards model revealed 
that MuNI was prognostic of OS (p =  .003; HR, 1.75; 
95% CI, 1.21– 2.52), controlling age (p  =  4e– 05; HR, 
1.58; 95% CI, 1.30– 1.92), sex (p = .05; HR, 0.65; 95% 
CI, 0.42– 1.01), smoking (p  =  .04; HR, 1.56; 95% CI, 
1.02– 2.39), O stage (p = .50; HR, 0.87; 95% CI, 0.57– 
1.32), T stage (p =  .03; HR, 1.38; 95% CI, 1.04– 1.83), 
and N stage (p = .13; HR, 1.27; 95% CI, 0.94– 1.73) in 
DVA. Additionally, OS of DB was statistically significantly 
worse than OS of DW (p = .002; HR, 2.24; 95% CI, 1.1– 
4.55), as shown in Figure 2B.

For DVA, DFS of high- risk scores defined by MuNI 
was statistically significantly shorter than DFS of MuNI- 
derived low- risk scores (p  =  .0003; HR, 1.74; 95% CI, 
1.29– 2.34) (Fig. 3A). DFS of DB was worse than DFS of 
DW (p = .034; HR, 1.66; 95% CI, 0.92– 2.99) (Fig. 3B).

Population- specific differences in terms of MuNI
When considering all patients, MuNI was statistically sig-
nificantly different between DW (mean, 3.88e– 04; median, 
3.67e– 04) and DB (mean, 3.36e– 04; median, 2.99e– 04) 
as well (p = .0078) (Fig. 4A). Furthermore, when 50 pa-
tients were randomly sampled from DW and compared 
against the entire DB, 63% and 79% of the times, out of 
200 comparisons, p values of the Mann– Whitney U tests 
were found to be smaller than 0.05 and 0.1, respectively, 
implying that there is a significant difference in MuNI be-
tween DB and DW. A histogram of the p values is shown 
in Figure 4. Using Mann– Whitney U test, the differences 
in MuNI between DW and DB patients were also found to 
be statistically significant for stage I, p =  .031 (Fig. 4B). 
The median, first, and third quartiles of the Black HPV- 
associated OPSCC patients were also larger than the corre-
sponding values of the White patients. The p values of the 
Mann– Whitney U test for comparing the two groups with 
stages I, II, and III were 0.031, 0.32, and 0.57, respectively 
(Figs. 4B– D).

Evaluating population- specific cutoffs for MuNI- 
based risk stratification
Using TTR, KM survival analysis demonstrated that pa-
tients with high- risk scores defined by MuNI had poorer 
OS (p  =  .004; HR, 1.72; 95% CI, 1.18– 2.51) com-
pared to those with lower risk scores in DW (n = 533) 
(Fig.  2C). On the other hand, the same cutoff yielded 
statistically insignificant p and HR values for the DB 
patients (n  =  44; p  =  .37; HR, 0.64; 95% CI, 0.22– 
1.89) (Fig. 2D). Additionally, TW yielded improved HR 
value (p = .003; HR, 1.77; 95% CI, 1.21– 2.58) in DW 
(Fig. 2E), whereas TB did not improve risk- stratification 
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in DB, generating p and HR values that were not statis-
tically significant (p  =  .3; HR, 0.6; 95% CI, 0.2– 1.8) 
(Fig. 2F).

DFS of patients with high- risk scores defined by 
TTR had poorer (p =  .0004; HR, 1.77; 95% CI, 1.29– 
2.43) compared to those with lower risk scores in DW 
(Fig. 3C). The same cutoff yielded p and HR values of 
0.42 and 0.68 (95% CI, 0.25– 1- 85), respectively, in 
DB (Fig. 3D). Similar to OS, TW yielded improved HR 
value (p = .0002; HR, 1.81; 95% CI, 1.32– 2.49) in DW 
(Fig. 3E) in predicting DFS, whereas TB did not improve 
risk- stratification in DB (p  =  .61; HR, 0.78; 95% CI, 
0.28– 2.16) (Fig. 3F).

DISCUSSION
In studies investigating OPSCC patients with differ-
ent races (Black vs. White), differences in survival, ge-
netic, and environmental factors have been identified 

that may explain poorer survival and increased likeli-
hood of disease recurrence in Black versus White pa-
tients.42 For example, higher degrees of chromosomal 
instability have been observed among Black patients 
with HNSCC.43,44 In a study, tumors of Black patients 
with HNSCC were found to be 1.4 times more likely to 
show loss of the CDKN2A gene as compared to White 
patients.34 The same study revealed that Black patients 
were also 57% less likely to have a loss of the SCYA3 
gene as compared to White patients. This gene is known 
as macrophage inflammatory protein- 1 alpha (MIP- 1α), 
playing an important role in lymph node metastasis in 
HNSCC. On the other hand, several studies have fo-
cused on histomorphometric differences between dif-
ferent populations under the assumption that genetic 
and epigenetic alterations within tumor are reflected 
as distinctive phenotypic variations in tumor morphol-
ogy. Bhargava et al.45 found significant morphological 

TABLE 1. Clinical and Pathological Features of all Five Cohorts

D1, No. (%)a D2, No. (%)b D3, No. (%)c D4, No. (%)d D5, No. (%)e
ANOVA  

(two- sided) p

No. of patients 106 120 318 33 167
Age, years 57.62 ± 9.6 57.2 ± 8.3 58.73 ± 9.1 67.94 ± 8.7 56.45 ± 9.3 .01
Gender

Male 89 (83.96) 111 (91.74) 281 (88.5 28 (84.85) 152 (91.02) .01
Female 17 (16.04) 9 (8.26) 37 (11.49) 5 (5.15) 15 (8.98)

Race .02
White 103 (97.17) 114 (95.00) 299 (94.02) 17 (51.52) 157 (94.01)
Black 3 (2.83) 6 (5.00) 19 (5.98) 16 (48.48) 10 (5.99)

Tobacco smoking .03
Ever 70 (66.04) 79 (65.83) 212 (66.46) 20 (60.61) 109 (65.27)
Never 36 (33.96) 41 (34.17) 106 (33.5) 12 (36.36) 58 (34.73)

Treatment <.001
Surgery with ad-

juvant therapy
64 (60.38) 24 (20.00) 0 (0) UNK 95 (56.89)

Surgery alone 18 (16.98) 0 (0) 0 (0) UNK 0 (0)
Definitive 

nonoperative 
treatment

24 (22.64) 96 (80.00) 318 (100) UNK 72 (43.11)

Specimen type
Resection 82 (77.36) 25 (20.66) 0 (0) UNK 95 (56.89) <.001
Biopsy 24 (22.64) 96 (79.34) 318 (100) UNK 72 (43.11)

T stage <.001
T1/T2 73 (68.87) 79 (65.26) 200 (63.04) 19 (57.58) 91 (54.49)
T3/T4 33 (31.13) 41 (34.74) 118 (37.0) 14 (42.42) 76 (45.51)

N stage <.001
N1/N0 77 (72.64) 84 (70.00) 205 (64.9) 7 (21.21) 123 (73.65)
N2/N3 29 (27.36) 36 (30.00) 113 (35.1) 26 (78.79) 44 (26.35)

Overall stage <.001
I/II 87 (82.08) 92 (76.67) 237 (74.5) 20 (60.61) 125 (74.85)
III/IV 19 (17.92) 28 (23.33) 81 (25.5) 13 (39.39) 42 (25.15)

MuNI (3.62 ± 1.6) × 10−4 (3.97 ± 1.7) × 10−4 (3.06 ± 1.7) × 10−4 (3.72 ± 1.43) × 10−4 (3.06 ± 1.17) × 10−4 <.001

Note: ± denotes 1 SD below/above the mean.
Abbreviations: ANOVA, analysis of variance; B, Black; MuNI, multinucleation index; SD, standard deviation; UNK, unknown; W, White.
aWashington University in St. Louis (B = 3, W = 103).
bJohn Hopkins University (B = 6, W = 114).
cCleveland Clinic (B = 19, W = 299).
dUH Seidman Cancer Center (B = 16, W = 17).
eSouthern California Permanente Medical Group (B = 10, W = 157).
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differences in intratumoral stromal regions of surgically 
excised prostate specimens between Black and White 
men with prostate cancer. Based on these findings, they 
demonstrated that a population- specific stromal signa-
ture was more prognostic of recurrence post- surgery in 
Black men compared to a population- agnostic model. A 
related study in endometrial carcinomas46 revealed that 
patterns of arrangement of tumor infiltrating lympho-
cytes (TILs) in the stroma were differentially prognostic 
in Black and White women, indicating spatial TIL pat-
terns being more strongly associated with likelihood of 
recurrence in Black women compared to White women. 
These studies provide further quantitative evidence of 

morphologic differences, as captured by computational 
pathology- derived image biomarkers, between different 
populations. The present study is one example of such 
assessment by quantifying multinucleated tumor cells 
(MNs) within the tumor microenvironment.

In a review for using p16 as a surrogate for HPV pos-
itivity, concerning 28 studies (a total of 31 analyses) from 
a period of 2014 to 2016, the median sensitivity and spec-
ificity was found to be 95.4% and 87.3%, respectively.6 
Studies using high risk HPV mRNA- based testing such as 
RTPCR and RNA in situ hybridization have shown higher 
correlations with p16 positivity in the United States, 
where there is a high attributable fraction of high- risk 

Figure 2. Kaplan– Meier (KM) overall survival (OS) curves in DVA. (A) OS of multinucleation index (MuNI)- defined high and low- risk 
groups using TTR was found statistically significantly different. (B) OS of DB was found statistically significantly shorter than OS of DW. 
Difference in MuNI could explain the shorter survival of DB patients. Survival differences between the two racial categories could be a 
factor of histological differences. OS of MuNI- defined high-  and low- risk groups using TTR was statistically significantly different in (C) 
DW but not in (D) DB. (E) TB yields statistically insignificant separation for DB (p = .3; HR, 0.60; 95% CI, 0.20– 1.80). (F) KM OS curve 
obtained by using TW indicates improved risk stratification for DW.
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HPV- positive OPSCC. The studies indicate that patients 
with HPV- associated tumors can be identified with p16 
immunohistochemistry, however, a subset of patients who 
are HPV- negative but are classified as HPV- positive does 
exist.6

Although the mechanism of neoplastic MN is 
not known, its association with tumor progression has 
been shown in several other studies.47,48 Wilms tumor 
(nephroblastoma) of the kidney and central nervous sys-
tem gliomas have used anaplasia and MN as prognostic 
factors.49,50 Lewis et al.32 previously identified anaplasia 
and MN as novel prognostic features in HPV- associated 
OPSCC patients. In our previous study, we presented 

a tissue- nondestructive, reproducible, and cost- efficient 
artificial intelligence- enabled biomarker, termed MuNI, 
that reflects the frequency of MNs among epithelial 
cells. It was validated as being prognostic of major clin-
ical outcome, OS and DFS.37 Similarly, in the present 
study, we identified a strong association of the predic-
tions of the MuNI with OS and DFS, independent from 
other clinical factors despite the significant differences 
between the enrollment locations (Table 1). The previ-
ous study did not selectively focus on key population 
subgroups such as Black and White. Given the potential 
molecular and morphologic heterogeneity across differ-
ent populations, in this study, we specifically focused 

Figure 3. Kaplan– Meier (KM) disease- free survival (DFS) curves in DVA. (A) DFS of multinucleation index (MuNI)- defined high-  and 
low- risk groups using TTR was found statistically significantly different. (B) DFS of DB was found statistically significantly shorter than 
DFS of DW. DFS of MuNI- defined high-  and low-  risk groups using TTR was statistically significantly different in (C) DW but not in (D) DB. 
(E) KM DFS curve obtained by using TW indicates improved risk stratification for DW. (F) TB yields statistically insignificant separation 
for DB (p = .61; HR, 0.78; 95% CI, 0.28– 2.16).
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on a systematic analysis of differences in MuNI across 
Black and White patients. As described in previous re-
lated studies on prostate and uterine carcinomas,45,46 the 
goal was to unearth morphological differences between 
different key populations to pave the way for developing 
population- specific prognostic tools in OPSCC patients. 
We demonstrated that MuNIs of Black patients were sta-
tistically significantly higher than those of White patients 
overall (p =  .0078). The presence of high frequency of 
MN events in the Black patients and their poorer survival 
suggest that the difference is not only related to a lower 
socioeconomic status, which has been suggested,11 but 
also possibly because of a more aggressive disease pheno-
type that is manifested in the morphology. Interestingly, 
we also found significant differences between the two 
populations while considering AJCC 8th edition stage I 
(p = .031) (Fig. 4).

Although the model was prognostic for DVA 
(Fig. 2A) as well as DW (Figs. 2C,E), it was not prognostic 
for DB (Figs. 2D,F). However, these findings should not 
be construed as suggesting that MuNI is not prognos-
tic in Black patients, but rather the fact that thresholds 

employed for risk stratification were derived from a 
primarily White population. The threshold defined for 
MuNI- derived risk stratification, TTR, was calculated as 
the average of MuNIs in DTR, comprising a 95% White 
versus 5% Black population. Black patients constitute a 
small fraction of the population because incident- rate of 
HPV- associated OPSCC is much higher for White pa-
tients than their Black counterparts.18 The lack of sig-
nificant p and HR values for the DB patients might be 
explained by unbalanced sample sizes in the study popu-
lation. The model is biased toward majority of the pop-
ulation (DW). Even though these findings suggest using 
different cutoffs for different populations the sample size 
of Black patients in this study is too small to calculate 
a reliable cutoff, which is one limitation of the study. 
With a larger number of Black patients, population- 
tailored prognostic models could be developed. A larger 
data set of Black patients from multiple institutions will 
help us to explore (1) whether MuNI is associated inde-
pendently with survival differences between Black and 
White patients, and (2) whether population- specific 
treatment management guidelines based on a reliable 

Figure 4. Comparison of Black and White patients. Violin plots show multinucleation index measurements for Black and White human 
papillomavirus– associated oropharyngeal squamous cell carcinoma patients. (A) All patients in DVA, AJCC 8th edition (B) stage I alone, 
(C) stage II alone, and (D) stage III alone. (E) The histogram of the p values obtained after applying Mann– Whitney U testing 200 times 
illustrates the statistical differences between randomly selected subsets of DW and the entire DB. The box plots inside the violin plots 
demonstrate the median, first, and third quartiles of distributions.

 10970142, 0, D
ow

nloaded from
 https://acsjournals.onlinelibrary.w

iley.com
/doi/10.1002/cncr.34446, W

iley O
nline L

ibrary on [12/10/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



Original Article

10 Cancer  Month 0, 2022

model more specific toward Black population can be de-
fined. Another limitation of the study is that the study 
used self- declared race information of patients as op-
posed to genetic ancestry. Because White patients might 
have different genetic origins, such as European, Middle 
Eastern, and North African,13,50 there might exist sub-
stantial amounts of tumor phenotypical heterogeneity 
in this population as a consequence of diverse genetic 
ancestry. Additionally, the previous study demonstrated 
that patients treated with primary chemoradiation (bi-
opsy specimens only) could be risk- stratified to almost 
the same extent as surgically treated patients by MuNI. 
However, impact of any intrinsic differences between 
biopsy and resection on MuNI- based differences across 
Black and White patients has not been addressed in this 
study due to the limited sample size.

Despite these limitations, this is the first study to as-
sess population- specific differences by quantifying tumor 
histology from routine H & E tissue slides, specifically fre-
quency of tumor MN events within epithelial regions. The 
findings of this exploratory study provide some biologi-
cal insight into differences in tumor morphology between 
Black and White patients in HPV- associated OPSCC. The 
findings, along with the latest staging criteria, could pave 
the way for developing more effective and more person-
alized treatment strategies by creating population- specific 
prognostic models.
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